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ABSTRACT 


Twelve  ethylene-vinyl  acetate  (EVA)  copclymero  with  vinyl  acetate 
contents  ranging  from  12  to  51%  have  been  evaluated  as  desensitizers  for 
RDX,  for  production  of  insensitive  booster  compositions.  The  RDX/5VA 
compositions  were  prepared  by  a  solvent-slurry  coating  process,  in  which  a 
solution  of  the  EVA  copolymer  in  a  suitable  solvent  is  added  to  an  tquecrs 
suspension  of  RDX,  the  solvent  then  being  removed  by  distillation  to  effect 
coating  of  the  polymer  on  the  RDX.  The  efficiency  with  which  the  EVA 
copolymers  coat  the  RDX  crystal  surfaces  increases  with  increasing  vinyl 
acetate  content,  and  can  be  altered  by  the  use  of  surfactants. 

The  RDX/EVA  compositions  all  have  excellent  thermal  stability,  as 
assessed  by  the  vacuum  thermal  stability  test,  The  shock  sensitivities  of 
compositions  prepared  with  copolymers  containing  2S  to  51%  vinyl  acetate 
were  found  to  be  between  those  of  tetryl  and  PBXW-7,  with  the  shock 
sensitivity  generally  decreasing  with  increasing  vinyl  acetate  content.  In 
general,  the  EVA  coatings  gave  little  desensitization  to  impact  er 
cookoff;  only  one  composition  had  a  figuiw  of  inoensitivensss  (F  of  D  which 
meets  current  impact  sensitiveness  requirements  for  booster  explosives  for 
fuzes,  and  only  two  compositions  gave  mild  reactions  in  small-scale  cookoff 
testa.  It  is  unlikely  that  an  insensitive  booster  explosives  composition 
containing  only  RDX  with  an  EVA  coating  could  be  developed;  however, 
further,  work  on  systems  using  EVA  copolymers  with  additional  materials 
should, be  undertaken  to  further  examine  desensitization  .nechaaisroe  and 
identify  formulations  which  may  produce  insensitive  booster  a- mpositions. 
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AN  EVALUATION  OF  ETHYLENE-VINYL  ACETATE  COPOLY14EBS  AS 
DESENSriKERS  FOR  RDX  IN  INSENSITIVE  BOOSTER  COMPOSOTONS 
PREPARED  BY  THE  SLURRY  COATING  TECHNIQUE 


1.  INTRODUCTION 


1.1  Insensitive  Booster  Cora  positions 

Australian  produced  ordnance  usually  contain#  tetryl  in  the  fuzing  and  TNT-  based 
melt-cast  compositions  as  the  main  charge  .filling.  While  these  compositions  have 
been  adequate  for  most  applications  it  is  quite  clear  that  alternative  polymer  bonded 
explosive  (PBX)  compositions  developed  overseas  are  considerably  less  vulnerable  to 
many  hazardous  stimuli  and  can  offer  several  other  significant  advantages  euch  as 
enhanced  underwater  performance. 

Currently  two  cast-cured  PBX  compositions  are  being  evaluated  at  KRL  ss 
main  charge  fillings  in  Australian  ordnance.  PBXN-10?  {formerly  PRXC-116)  11,2)  is 
an  alternative  to  TNT-besed  melt-cast  compositions  for  use  in  both  medium  and  large 
calibre  shell  and  aircraft-carried  ordnance,  where  its  higher  maximum  operating 
temperature  (greater  than  100  JC)  makes  it  suitable  for  deployment  on  aircraft  in 
environments  where  extreme  aerodynamic  heating  may  occur  13).  PBXW-116  is  more 
powerful  and  less  vulnerable  than  the  TNT-based  compositions  which  have 
traditionally  been  used  in  Australian  naval  mines  and  related  stores,  and  is  under 
assessment  as  a  replacement  for  these  fillings  (4).  Munitions  containing  both  PBX 
compositions  have  low  vulnerability  to  bullet/freginent  impact,  do  not  undergo 
sympathetic  detonation,  and  also  give  mild  responses  under  fast  cookoff  conditions, 
i.e.  when  ordnance  containing  the  composition#  is  heated  in  fuel  fires.  However,  to 
fully  realise  these  benefits  it  i*  essential  that  the  explosive  composition  used  In  the 
fuzing  for  this  ordnance  is  aluo  insensitive  to  these  stimuli.  One  of  the  major 
concerns  la  cookoff  behaviour;  violent  response  of  the  booster,  even  non-detcnatlve, 
could  give  sufficient  shock  stimulus  to  any  unconsumed  main  charge  for  a  shock  to 
detonation  transition  to  occur  161.  Alternatively  tlio  hot,  high  velocity  fragments 
from  a  violent  explosion  in  the  booster  assembly  could  initiate  the  main  charge  161. 


There  has  been  considerable  research  and  development  in  the  UK  and  US 
directed  towards  the  preparation  of  insensitive  booster  compositions.  However,  the 
problem  has  not  been  satisfactorily  resolved;  currently  no  ’nsenaitivs  booster 
compositions  ere  qualified.  For  prepur  fuze  function  it  is  essential  thyt  these 
compositions  are  more  sensitive  to  detonative  stimuli  than  the  main  charge. 

Therefore  they  often  contain  a  nitraxni&e  high  explosive  (RDX  or  HMX)  which  may  be 
blended  with  a  more  thermally  stable  and  less  sensitive  high  explosive  <e.g.  TATB).  A 
polymeric  binder  is  incorporated  to  give  the  required  median! cal  properties  to  ths 
booster  charge.  The  binder  may  have  a  pronounced  effect  on  the  sensitivity  of  the 
composition  to  shock,  mechanical/bullet  impact  (7,  8,  95,  hot  fragments  (101  and 
cookoff  16, 101,  and  must  therefore  be  chosen  with  care. 


Fluorocarbon  polymers  exhibit  very  good  thermal  3tability  and  have  been 
used  in  several  insensitive  booster  compositions  (111  including  the  US  Navy’s  PBXW-7, 
Type  II  (RDX/TATB/Viton  A  35:60:5)  (121  and  the  BX  compositions 
(RDX/HMX/TATB/PTFE)  (51  developed  ia  the  UK.  However,  there  is  poor  adhesion 
between  fluorocarbon  polymers  and  the  sensitive  nitraniine  (131  and  the  coating 
efficiency  ia  usually  poor  (14, 151.  The  resulting  moulding  granules  can  bo  quite 
sensitive  to  impact  because  of  air  entrapment  between  the  oxplos ive  crystals  and  the 
polymer  film  (141.  Furthermore  the  poor  coating  efficiency  militates  against  good 
cookoff  behaviour.  It  has  been  shown  that  effective  polymer  coatings  on  explosive 
crystals  undergo  minimal  disruption  during  pressing  and  help  confer  good  cookoff 
behaviour  on  the  pressed  charges  161.  This  arises  because  a  well  spread,  adherent 
coating  disperses  the  growing  shock  wave  in  the  run-up  preventing  a  deflagration  to 
detonation  transition  (61. 

Polyethylene  was  (PE)  ia  another  binder  need  to  prepare  booster 
compositions  (16, 171,  however  it  is  unlikely  to  coat  explosive  crystals  well  enough  to 
be  used  in  insensitive  booster  compositions.  In  Composition  A/PE  it  gave  a  granular, 
porous,  non-adherent  coating  on  the  FUX  crystals  and  the  cookoff  behaviour  was  very 
poor  (61.  In  contrast  copolymers  of  ethylene  and  vinyl  acetate  can  give  good  coatings 
ori  RDX  crystals  [61  and  have  excellent  surface  adhesion  (13, 181.  The  polar  vinyl 
acetate  groups  wet  the  surfaces  of  the  RDX  crystals  and  adhesion  is  enhanced  by 
Lewis  base  -  Lewis  acid  interactions  between  the  ester  groups  of  the  copolymer  and 
the  nitro  groups  of  the  explosive  (181.  These  compositions  have  extremely  mild 
cookoff  responses  when  good  coating  efficiencies  are  achieved  (61.  It  has  been 
suggested  that  this  favourable  behaviour  is  enhanced  because  the  binder  undergoes  an 
endothermic  decomposition  at  temperatures  close  to  the  exotherm  for  the 
decomposition  of  RDX  (183  and  thus  helps  suppress  the  runaway  thermal  decomposition 
reactions  of  the  explosive. 


Ethylene-vinyl  acetate  (EVA)  copolymers  give  moulding  granules  with 
other  desirable  properties  which  make  them  well  suited  for  incorporation  in  insensitive 
booster  compositions  te  be  used  in  Australia.  To  obtain  charges  of  sufficient  quality 
it  is  often  necessary  to  hot  press  insensitive  PBX  compositions.  However,  if  EVA 
copolymers  with  low  glass  transition  temperatures  (Tg)  are  used  the  compositions  can 
be  cold  pressed,  making  production  pelletting  operations  much  simpler.  The  ethylene 
content  also  assists  In  the  pressing  operation  by  providing  added  lubrication.  The 
resultant  pressed  pallets  are  cohesively  strong  and  can  be  temperature  cycled  without 
cracking  1181. 

At  the  commencement  of  this  study  it  was  not  clear  how  the  properties  of 
various  commercially  available  EVA  copolymers  would  affect  the  preparation, 
processing  ar.d  sensitivity  of  booster  compositions  containing  RDX.  Furthermore, 
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those  compositions  are  prepared  by  tl;e  slurry  technique  [19-211  which  has  been  widely 
used  in  the  US  but  differs  substantially  from  techniques  currently  used  for  coating 
explosives  in  Australia.  Therefore  it  was  also  necessary  to  gain  local  expertise  with 
this  technique.  Accordingly  the  first  stage  in  developing  an  insensitive  booster 
composition  for  use  in  Australia  involved  a  thorough  evaluation  of  a  range  of  EVA 
copolymers  to  identify  those  most  appropriate  for  this  application.  Concurrently  it 
was  necessary  to  develop  an  effective  method  for  coating  these  polymers  on  RBX 
crystals. 


1.2  Ethylene-Vinyl  Acetate  Copolymers 

The  physical  properties  of  the  range  of  commercially  available  EVA  copolymers  are 
quite  varied.  They  are  largely  determined  by  the  vir.yl  acetate  content  when  the 
molecular  weights  are  sufficiently  high  (chain  lengths  greater  than  1000  vinyl 
monomer  units)  [221.  Hie  copolymers  evaluated  in  this  study  generally  liave  shorter 
chains  and  their  properties  are  also  influenced  by  the  molecular  weight  and  the 
molecular  weight  distribution,  which  both  show  3  strong  dependence  on  the 
polymerization  technique  used  and  the  reaction  conditions  12S). 


Ethylene  and  vinyl  acetate  are  commercially  polymerized  at  relatively 
high  pressures  by  bulk,  solution,  suspension  or  emulsion  techniques.  Both  monomers 
have  almost  equal  reactivities  at  pressures  above  100  MPa  (1000  atn>)  and  copolymers 
of  a  random  type  are  formed  under  these  condition*.  At  lower  pressures  vinyl  acetate 
is  more  reactive  and  the  copolymer  initially  formed  wiil  contain  a  higher  percentage 
of  this  unit.  A  more  uniform  polymer  is  obtained  under  these  conditions  by 
continuous  feeding  of  this  monomer  to  the  reaction  medium  at  the  appropriate  rate 
1241.  Side  reactions  in  the  homepolymerization  of  ethylene  1251  and  vinyl  acetate  [261 
introduce  some  chain  branching.  'Hie  level  of  long  chain  branching  observed  in 
polyethylene  is  similar  to  that  found  in  the  EVA  copolymers  when  both  types  of 
polymer  are  produced  by  the  high  pressure  process  [221. 


Polyethylene  produced  at  high  pressures  is  partially  crystalline  anc 
partially  amorphous.  The  crystallinity  results  from  clone  packing  of  polymer  chains, 
with  very  long  sequences  of  ethylene  groups,  into  layers  (or  lamella).  The  polymer 
chains  have  lengths  c-f  about  100  carbon  atoms  between  folds.  Branching  occurs  in 
the  bomopolymer  ar.d  this  disrupts  the  crystalline  structure,  thus  introducing 
amorphous  segments  and  lowering  the  density  of  the  polymer.  Polyethylene  with  a 
density  of  0.92  Mg/m**  is  approximately  60%  crystalline  and  has  a  crystalline  melting 
point  of  over  110’C  [271.  No  major  giass  transitions  have  been  observed  over 
temperatures  ranging  down  to  -40'C  although  a  number  of  secondary  glass  transitions 
have  been  observed  127,  28i.  The  polymer  is  ductile  wall  below  0*0,  has  a  medlum- 
to-higb  stiffness  [271  and  a  moderately  high  tensile  strength. 

The  incorporation  of  vinyl  acetate  comonomer  into  the  ethylene  backbone 
of  the  polymer  further  reduces  the  crystallinity  of  the  polymer.  Each  acetate  side 
group  prevents  four  carbon  atoms  on  each  side  of  it  from  entering  polyethylene 
crystals.  Thus  as  the  vinyl  acetate  content  is  increased  up  to  45  weight  %* 


*  Vinyl  acetate  content  in  EVA  copolymers  can  be  expressed  as  either  weight  %  or 
mole  %.  Hie  former  term  will  be  used  throughout  this  report,  abbreviated  as  %. 
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(approximately  26  mole  %)  the  crystallinity  falls  to  zero.  The  vinyl  acetate  groups 
therefore  have  a  plasticising  effect  on  the  polymer  because  they  reduce  the 
crystallinity.  This  effect  ie  enhanced  because  they  also  increase  the  distance 
between  the  polymer  chains.  The  change  in  crystallinity  directly  affects  many 
physical  properties.  The  melting  points,  tensile  yield  strength,  hardness  and  stiffness 
are  reduced  1221.  EVA  copolymers  with  low  vinyl  acetate  contents  (10-30%)  are 
thermoplastic  bai  similar  to  semi-crystalline  polyethylene.  As  the  vinyl  acetate 
content  increases  the  polymers  become  more  flexible,  softer  and  extensible.  They 
have  mechanical  properties  similar  to  natural  rubber  and  develop  large  stresses  at  long 
elongations.  Copolymers  with  60-70%  vinyl  acetate  are  amorphous  rubbers  with  high 
elongation  but  low  tensile  strength.  At  these  compositions  the  stiffness  of  the  EVA 
copolymers  reaches  a  broad  minimum  1241.  The  glass  transition  temperatures  of  the 
copolymers  gradually  increase  to  approximately  -40*  C  at  50%  vinyl  acetate  1271. 


When  the  vinyl  acetate  content  is  75%  the  copolymer  is  equimolar. 
Copolymers  containing  80%  vinyl  acetate  are  soft,  waxy,  tacky  materials  with  very 
low  tensile  strength  (231.  Further  increase  in  vinyl  acetate  content  leads  to  more 
numerous  polar  interactions  between  the  polymer  chains  causing  a  reduction  in 
flexibility  1261  and  higher  cohesive  and  tensile  strengths  12S1.  Flexibility  ia  also 
reduced  because  ethylene  units  in  the  copolymer  are  free  from  static  hindrance  arid 
their  replacement  by  vinyl  acetate  groups  introduces  more  impediment  to  free 
rotation  about  the  carbon -carbon  backbone  of  the  polymer  and  reduced  intra-chain 
mobility  1261.  The  stiffness  and  glass  transition  temperature  of  the  copolymers  also 
increases  and  their  properties  approach  that  or  pure  polyvinyl  acetate,  which  is  hard 
and  amorphous  with  a  glass  transition  temperature  of  approximately  33~C  and  a  iow 
softening  point  [241. 

The  binder  for  an  explosive  composition  should  neither  melt  nor  become 
brittle  during  exposure  to  climatic  extremes.  It  »b  desirable  that  the  binder  have  a 
melting  point  of  greater  than  70*C  and  a  low  glass  transition  temperature.  These 
requirements  preclude  the  use  of  copolymers  with  very  high  vinyl  acetate  contents. 


Commercial  copolymers  with  varying  molecular  weights  and  vinyl  acetate 
contents  of  12  to  51%  were  selected  for  evaluation.  The  properties  of  copolymers 
within  this  range  seemed  most  appropriate  for  cold  pressing,  desensitizing  the 
explosive  and  preparing  cookoff  resistant  compositions.  Cookoff  behaviour  might  be 
expected  to  be  influenced  by  the  vinyl  acetate  content  of  the  copolymer.  The 
endothermic  decomposition  of  these  copolymers  occurs  at  temperatures  above  200*  C 
and  involves  elimination  of  acetoxy  groups  via  six  nembered  transition  states  to  give 
acetic  acid  and  unsaturated  sites  123,  301.  Copolymers  with  higher  vinyl  acetate 
contents  might  remove  more  heat  from  the  exothermic  decomposition  of  the  explosive 
and  reduce  the  likelihood  of  e.  violent  response.  Possible  correlations  between  vinyl 
acetate  contents  and  cookoff  behaviour  were  therefore  examined  in  this  report. 


1.3  The  Starry  Technique 

PBX  moulding  powders  fo,  pressed  booster  compositions  are  usually  prepared  by  the 
slurry  technique  [19-211.  The  polymer  used  is  a  solid  resin  that  U  dissolved  in  a 
suitable  organic  solvent  which  is  immiscible  with  water,  has  a  high  vapour  pressure 
and  does  not  dissolve  the  explosive  used.  The  polymer  solution  is  added  to  an  agitated 
aqueous  slurry  of  the  explosive  and  is  required  to  wet  the  explosive  crystals  by 
displacing  water.  The  mixture  is  then  heated  end  the  solvent  ie  removed  by 
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distillation  or  vacuum  air  sweep  to  effect  deposition  of  a  polymer  coating  on  the 
crystals'  surfaces.  During  this  proem  the  polymer  coatings  contain  residual  solvent 
and  are  tacky.  The  coated  particles  agglomerate  into  beads.  When  moat  of  the 
solvent  ie  removed  the  mixture  is  cooled  and  the  moulding  granules  are  collected  by 
filtration  and  dried. 


Three  variations  on  this  method  have  also  been  occasionally  used.  In  the 
reverse  slurry  process  131,  32S,  the  explosive  crystals  are  stirred  with  the  solution  of 
the  polymer  in  organic  solvent  then  this  slurry  is  added  to  agitated  water  and  the 
solvent  is  removed  by  heating  the  mixture.  The  starved  addition  technique  [33,  341 
involves  very  slow  addition  of  ft  dilute  polymer  solution  to  a  very  dilute  agitated  slurry 
of  the  explosive  in  water,  followed  by  beating  the  mixture  to  remove  the  solvent. 
Using  this  technique  the  polymer  can  be  applied  in  a  comparatively  uniform  film  to 
the  explosive  at  very  low  levels  (less  than  0.6%  w/w  cm  the  explosive).  Crystals  which 
arc  individually,  but  not  completely,  coated  with  polymer  can  be  produced.  A 
subsequent  prilling  step,  involving  softening  the  polymer  coating  with  solvent  to 
achieve  controlled  agglomeration,  can  lead  to  spherical  particles  with  enhanced  bulk 
density.  These  heavier  particles  can  overcome  electrostatic  forces  more  easily  and 
flow  well  in  automatic  pelleting  machines.  The  starved  addition  technique  is  only 
suitable  for  the  production  of  very  small  batches  of  explosive  moulding  powders 
because  of  the  need  to  operate  with  very  dilute  xquooua  slurries  of  the  explosive. 
Finally  the  normal  slurry  technique  can  be  altered  to  approximate  starved  addition  by 
dropwiac  addition  of  the  polymer  solution  to  an  aqueous  slurry  of  the  explosive  heated 
just  above  the  boiling  poin;  of  the  solvent  or  its  azeotrope  with  water  '352.  The 
polymer  coating  is  gradually  deposited  and  the  continuous  removal  of  the  added 
solvent  reduces  the  tackiness  of  the  polymer  coeting  and  the  agglomeration. 


Several  factors  influencing  the  coating  efficiency  and  granule  size 
obtained  by  the  slurry  technique  have  been  discussed  by  Worley  [331.  Polymers  with  a 
molecular  weight  of  at  least  10,000  usually  give  the  best  results.  High  solubility  in 
the  organic  solvent  is  important  and  usually  is  observed  with  amorphous  rather  than 
more  ordered  crystalline  polymers.  The  polymer  solution  must  have  a  low  contact 
angle  with  the  explosive  to  achieve  sufficiently  high  wettability  and  solvents  with  low 
surface  tensions  are  often  used.  The  solution  must  also  be  low  enough  in  viscosity  to 
readily  flow  around  the  crystals  prior  to  solvent  removal.  However,  if  the  viscosity  ia 
too  Sow  the  solution  can  be  easily  sheared  off  the  crystal  surfaces  leading  to  thin 
coatings  of  Inferior  quality  [361. 


A  protective  colloid,  typically  polyvinyl  alcohol,  is  often  eddad  to  prevent 
flocculation  and  stabilize  the  emulsion  formed  between  the  polymer  solution  and 
water.  Droplets  of  the  solution  are  deposited  on  the  crystal  surfaces  during  the 
process  and  flow  together  to  form  the  coating.  Some  surfactants  facilitate  this 
process  end  also  help  stabilize  the  emulsion.  If  the  concentration  of  the  protective 
colloid  is  too  high,  poor  coating  results  because  the  polymer  droplets  are  too  well 
stabilized  and  do  not  coalesce  on  the  crystal  surfaces  [141.  Surfactants  and  colloid 
stabilizers  can  be  used  to  control  agglomeration  and  thus  the  flow  properties  of  the 
final  product  114, 161.  Granule  size  can  also  be  altered  by  varying  the  water  to 
solvent  retio,  the  degree  of  agitation  [371  and  the  temperature  of  the  heated  slurry. 
At  elevated  temperatures  sorae  polymers  c*a  become  soft  and  tacky,  resulting  ir, 
clumping  of  the  polymer  coated  crystal*  1331. 


Clearly  a  detailed  study  of  this  technique  with  ROX  and  EVA  copolymers 
was  necessary  to  find  conditions  which  gavs  the  detlred  granule  size  and  optimized  the 
polymer  coating  efficiency  to  itaprovo  cookoff  behaviour. 


2.  EXPERIMENTAL  APPROACH 


A  number  ef  composition*  with  a  nominal  ratio  of  RDX  to  EVA  copolymer  of  95:6 
were  prepared  by  the  slurry  technique  to  determine: 


(i)  the  effect  of  the  vinyl  acetate  content  and  properties  of  the  EVA  copolymer 
on  the  properties  of  the  final  moulding  granule*  and  compacted  charges, 

(ii>  the  best  method  of  slurry  coating  to  achieve  optimal  cceting  of  the 
copolymer  on  the  explosive  crystals,  end 

(iii)  the  effect  of  the  copolymer  composition  and  costing  efficiency  on  the 
cookoff  behaviour  of  the  compacted  moulding  granules. 


Moulding  granules  were  prepared  by  a  general  slurry  coating  method  using 
twelve  EVA  copolymer#  with  vinyl  acetate  contents  of  12  to  51%  and  a  range  of 
properties  (Table  1).  lbs  coating  efficiencies,  impact  sensitiveness  and  vacuum 
thermal  stabilities  of  all  these  compositions  were  compared  and  the  shock  sensitivities 
of  compositions  prepared  from  copolymers  with  vinyl  acetate  contents  ranging  from 
28-51%  were  determined. 


A  parametric  study  of  the  slurry  coating  method  was  conducted  to 
determine  the  best  conditions  lor  achieving  high  coating  efficiencies  and  reduced 
impact  sensitivenec*  for  these  compositions.  This  involved  studying  the  effects  of  the 
ratio  of  water  and  solvent  to  RBX,  additives  (polyvinyl  alcohol  and  surfactants)  and 
the  mode  of  addition  of  the  polymer  solution  on  these  properties  of  the  moulding 
granules. 


The  cookoff  behaviour  of  compositions  made  using  EVA  copolymers  with  a 
range  of  vinyl  acetate  contents  and  one  composition  made  using  Viton  A  were 
compared  and  the  effect  of  improved  coating  efficiency  on  cookoff  behaviour  of  acme 
RDX/EVA  compositions  was  assessed. 


The  date  from  the  above  studies  were  used  to  identify  the  best  EVA 
copolymer  and  coating  conditions  for  preparing  insensitive  booster  compositions. 


S.  EXPERIMENTAL 


3.1  Materials 

RDX  Gn-.!e  A,  Class  1  (recrystallked)  from  ^j'oion  Explosives  Rectory  was  used  to 
prepare  :  the  compositions  described  in  this  report.  Tv.-  krA/C-ivax  210  (95:5) 
composite  was  also  prepared  for  rioko"  testing  using  ft. OX  L'JX  Class  5  from  Royal 
Ordnance  pic,  Bridgwater,  UK,  whiois  is  c'esigr.ated  an  Gnid?  K  in  thio  report.  These 
explosives  were  received  wet  and  were  routinely  dried  at.  tl  <>  pu  mp  ynew  to  use. 


The  EVA  copolymers  examined  were  selected  from  the  Elvar  (I>u  Ponlt, 
Levupren  '.Bayer)  and  Vyndthene  (US  Im'-istrial  Chemical  Uo)  ranges  of  products. 
Viton  A,  n.-sd  to  prepare  RDX/Vi ton  A  (95:6),  is  a  vinylidine 
fluoride /irjxafluoropropylene  copolymer  manufactured  by  D;  Pent. 


The  '•il'.r.viu’i:  tr.1dJ lives  were  used  it;  the  coating  experiments: 

(i)  Siowiol  4-bi>,  a  !'y  r/jpcaified  polyvinyl  alcohol  (Hoechr.t), 

(ii)  5’mpilan  FD,  a  non-mme  Surfantent  (Mbr;*ht  and  WiL<oh  '  td>, 

(iii)  ,'ianoxol  OT  60,  an  -nionlc  sutlacu-f*  -  d!  jctyl  sodium  c,u  pnosueninate 
(Harcros  Industrial  Che. meals),  and 

(iv)  Cetyl trimethylammoniura  bromide,  a  cationic  surfactant 
(BDH  Chemicals  Ltd). 

All  the  solvents  used  were  laboratory  reagent  grade.  In  ail  the 
preparations  distilled  water  was  used. 


3.2  Slurry  Coating  Methods 
3.2.1  Mixing  Equipment 

All  batches  were;prepared  ir>  _n  open  mixing  vessel  with  a  right  c~rou)nv  cylindrical 
shape  which  was  fitted  wit’,  a  heating,  jacket  and  two  wide  baffles  perpendicular  to  the 
walls  of  the  vessel.  The  w.urries  were  stirred  by  an  overhead  air  motor  which  drove  a 
rod  with  an  impeller  at  the  base  equipped  with  twelve  flat  blades. 


3.2.2  General  MetLod 

The  following  general  method  was  used  to  prepare  compositions  from  all  EVA  resins 
for  th«.  ■'o'f't-sV'vfcm  '.'f  the  effect  of  these  opolymers  on  the  properties  of  the 
moulding  granules  and  compacted  charges.  However,  when  Elvax  210  was  used  less, 
water  (285  mL>  was  added. 


A  slurry  of  RDX  (142.5  g)  and  water  (436  mL)  was  stirred  at  500  r/min  for 
5  min  then  an  aqueous  solution  of  Mowiel  4-88  (0.01%  w/w,  15  mL)  was  added.  After 
a  further  10  min  a  solution  of  EVA  copolymer  in  toluene  (10%  w/w,  76  g)  was  slowly 
added.  The  mixture  was  agitated  vigorously  for  15  min  then  it  was  heated  to  60- 
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65°C.  This  temperature  «u  maintained  until  most  of  the  solvent  was  removed  and 
hard  moulding  granules  had  formed.  The  agitated  mixture  was  cooled  to  SO°C  and  the 
granules  were  then  collected  by  filtration  and  washed  well  with  water.  In  most 
preparations  the  oversixed  granules  were  separated  by  sieving  the  composition  under 
water  on  a  2.36  mm  mesh.  The  finer  granules  were  dried  at  the  pump  and  then  at 
60°C  in  a  vacuum  over  silica  gel. 


3.2.3  Parametric  Studies  ob  the  General  Method 

Fifty  gram  batches  of  these  compositions  were  prepared  using  Levapren  408  by 
varying  the  ratio  of  water  and  toluene  to  RDX,  incorporating  additives  and  using  an 
approximation  to  the  starved  addition  technique.  'The  modifications  are  detailed  in 
Section  4.2. 


3.2.4  RDX /Vi  too  A  <86:5) 

This  composition  was  prepared  by  the  general  method  but  ethyl  acetate  was  used  aa 
the  solvent. 


3.2.5  RDX/Levaprea  403/Zinc  Stearate  (84:4:50 

An  RDX/Levapren  408  (84:4)  composition  was  prepared  by  modifying  the  general 
method  and  using  an  anionic  surfactant  (0.4%  w/w  on  RDX).  After  the  solvent  was 
removed  in  this  preparation  the  mixture  war.  heated  to  85*C  and  a  hot  aqueous 
solution  of  sodium  stearate  (5%  w/w,  55  g)  was  added.  After  15  min  an  aqueous  -jinc 
sulphate  solution  (2%  w/wt  120  mL)  was  added  at  a  uniform  rate  over  TO  min  and  the 
mixture  was  cooled.  The  granules  were  collected  by  filtration  and  dned  at  the  pump 
and  then  at  60*0  in  a  vacuum  over  silica  gel. 


3.3  Characterisation 
3.3.1  Scanning  Electron  Microscopy 

Micrographs  were  obtained  using  a  Cambridge  Instruments  Model  S250  Mk  II  scanning 
electron  microscope  with  a  tungsten  electron  gun  operated  at  15  to  21  kV  in  the 
secondary  electron  mode.  The  tilt  angle  used  was  generally  30  degrees.  The  samples 
were  mounted  using  PVA  adhesive  and  sputter  coated  with  a  conducting  film  of  gold. 
Coating  efficiencies  were  usually  determined  from  at  least  five  high  resolution 
micrographs  considered  to  be  representative  of  the  composition. 


3.3.2  Rotter  Impact  SemiUvenew  :  Figure  erf  Jhscaeitf veoess  (  F  of  I) 

A  Rotter  Apparatus  £381  fitted  with  a  5  kg  weight  was  used  to  determine  impact 
sensitiveness.  F  of  I  values  were  determined  using  the  Bruceton  procedure  to  analyse 
results.  Unless  indicated  otherwise  these  results  were  obtained  using  25  or  50  caps. 
The  values  quoted,  derived  from  the  height  for  50%  initiation  probability,  are  relative 
to  RDX  Grade  F  «  80  and  are  rounded  to  the  nearest  five  units.  Average  gas  volumes 
for  positive  results  are  also  quoted. 
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3.3.3  Shock  Senutivity :  8mall  Softie  Gap  Teat 

Shock  sensitivity  data  was  obtained  using  the  MRI<  smell  scale  gap  toot  (SSGT)  1391. 
The  donor  is  a  UK  Kk  3  exploding  bridge  wire  detonator  attenuated  by  brass  shim. 

The  acceptor  is  two  12.7  mm  diameter  x  12.7  mm  height  cold  pressed  cylinders  of  the 
explosive  under  study.  A  detonation  is  confirmed  using  a  mild  steel  witness  block. 
Results  were  obtained  from  20-30  firings  using  the  Bruceton  staircase  method  and  are 
quoted  as  mm  of  brass  shim  for  a  50%  detonation  probability,  together  with  the  95% 
confidence  limits  and  standard  deviation. 


3.3.4  Vacuum  Thermal  Stability  Test 

This  test  was  carried  out  in  accordance  with  standard  Australian  procedures  (401.  The 
results  quoted  are  the  average  volume  (mL)  of  gas  evolved  at  120 ‘C  over  40  h  for 
duplicate  5  g  samples  of  the  RDX/EVA  compositions  prepared  by  the  general  method. 


3.3.5  Cookoff  Test 

The  cookoff  behaviour  of  the  RDX/EVA  compositions  and  RDX/Viton  A  was  assessed 
using  the  Super  Small-scale  Cookoff  Bomb  (SSCB)  [41,  42]  shown  in  Figure  1.  The 
SSCB  uses  an  explosive  sample  16  mm  diameter  x  64  mm  long,  with  a  total  mass  of 
approximately  20  g,  consisting  of  four  (4)  pellets.  All  the  compositions  tested  were 
pressed  to  90  %TMD.  Duplicate  tests  were  conducted  on  all  samples  at  the  fast, 
heating  rate,  and  compositions  which  showed  mild  cookoff  reactions  were  subjected  to 
further  tests  at  both  fast  and  slow  heating  rates.  The  results  presented  include  the 
type  of  cookoff  response  obtained,  and  the  explosive  surface  temperature  at  reaction 
and  time  to  reaction. 


4.  RESULTS  AND  DISCUSSION 


4.1  Effect  of  Different  EVA  Copolymers  o*;  Moulding  Grannie  Properties 

All  compositions  assessed  An  this  section  were  prepared  b,y  the  same  general  method 
devised  in  the  eatly  stages  of  studying  the  slurry  coating  technique, 


4.1.1  PrccoosiWiity 

The  slurry  coating  process  produced  granula*  consisting  of  many  partly  coated  crystals 
bound  together  by  polymer.  Scanning  electron  micrographs  of  RPX  Grade  A  and  a 
typical  moulding  granule  are  ffhcvn  in  Figure  2  (a)  and  (fc).  The  different  EVA 
copolymers  used  to  prepare  the  moulding  gras-.tks  had  an  effect  or.  granule  size, 
handling  properties  such  as  ttuwablUty,  and  the  esso  of  printing  the  compositions. 


Eight  if.  tbs  competitions  produced  molding  powder*  containing  large 
granules,  which  are  unsuitable  for  prewing.  The*®  material*  were  pa«4H5  through  a 
2.36  mm  sieve  prior  to  uaa,  and  the  oversize  pcrt.'.ona  (Table  2)  were  rejected. 


Presumably  the  copolymers  which  gave  rise  to  the  large  granules  were  those  which 
were  most  tacky  during  the  coating  process  and  therefore  induced  meet  agglomeration 
1331.  The  composition  prepared  from  Vynathene  EY  802-35  showed  subetantlal 
agglomeration  (Table  2)  and  micrographs  of  compositions  containing  both  Vynathenes 
showed  that  polymer  films  were  severely  disrupted  in  these  cases  (e.g.  Figure  3, 
Micrograph  A).  This  surface  disruption  may  have  resulted  from  intercrystaliine 
contact  and  subsequent  pulling  away  of  the  tacky  polymer,  but  could  also  be  a 
property  of  these  particular  polymers. 

In  contrast,  micrographs  of  most  of  the  other  compositions  (Figure  3)  do 
not  show  this  type  of  disruption  of  the  polymer  coating.  For  polymers  with 
approximately  the  xne  vinyl  acetate  content,  surface  tack  should  be  least  for  thcee 
with  the  highest  molecular  weight.  If  similar  branching  occurs  in  these  polymers  then 
solution  viscosities  are  an  indication  cf  molecular  weight.  Levapren  400  gives 
considerably  more  viscous  solutions  in  toluene  (Table  1)  than  other  copolymers  with 
approximately  40%  vinyl  acetate  and  does  not  give  rise  to  oversized  agglomerates. 

All  the  compositions  prepared  in  this  study  were  free  flowing  and  when 
cold  pressed  they  gave  acceptable  pellets.  Some  compositions  from  copolymers  with 
a  high  vinyl  acetate  content  adhered  more  strongly  to  the  walls  of  the  mould  during 
pressing  and  a  mould  lubricant  was  required. 

The  pellets  produced  for  SSC8  testing  were  held  in  ambient  temperature 
storage  for  several  months  prior  to  and  during  the  testing  program.  It  was  noticed 
that  some  pellets  had  grown  slightly  on  storage,  and  the  condition  of  pellets  of 
different  compositions  varied.  These  observations  are  summarised  in  Table  3.  The 
pellets  produced  from  all  the  RDX/EVA  compositions  showed  poorer  surface  finish 
than  the  RDXMtor  A  and  PBXW-7  pellets. 


Ud  Coating  Efficiencies 

All  compositions  were  examined  using  scanning  electron  microscopy  to  qualitatively 
assess  the  relative  coating  efficiencies  of  the  different  polymers.  Some  micrographs 
of  selected  compositions  are  shown  in  Figure  3,  and  can  be  compared  with  the 
uncoated  RDX  Grade  A  (Figure  2(a)).  Only  partial  polymer  coating  of  the  RDX 
crystals  occurred  with  some  bare  crystal  surfaces  exposed  in  all  compositions. 

The  worst  coatings  were  observed  in  compositions  prepared  from  Elvax  650 
and  Elvax  410  which  are  both  copolymers  with  low  vinyl  acetate  contents  (12%  and 
18%).  A  typical  micrograph  (B)  of  the  former  composition  shows  textured  polymer 
deposited  on  the  leading  face  of  the  crystal  with  the  surrounding  faces  uncoated.  In 
both  cases  the  polymer  adhered  poorly  to  the  crystal  surfaces  and  the  moulding 
granules  were  easily  disrupted  revealing  that  the  polymer  is  largely  deposited  in 
coarse  polymer  strands  (Micrograph  C)  which  bind  the  granule  together.  The 
composition  containing  Elvax  210,  which  has  a  vinyl  acetate  content  of  28%,  showed 
an  improved  polymer  coating  with  the  smooth  polymer  film  covering  a  larger 
proportion  of  the  crystals’  surfaces  (Micrograph  D).  However  large  areas  of  uncoated 
crystal  can  cloerly  be  distinguished  and  the  overall  coating  efficiency  is  only  fair. 

For  the  range  of  compositions  studied,  a  general  trend  of  increasing 
coating  efficiency  with  increasing  vinyl  acetate  content  of  the  copolymers  was 
observed.  This  is  presumably  because  copolymer  solutions  with  a  high  percentage  of 


polar  vinyl  acetate  groups  can  better  wet  the  surfaces  of  the  RDX  crystal#. 

Micrograph  E  of  the  composition  containing  Levapren  600,  which  has  60%  vinyl 
acetate,  illustrates  this  enhancement  in  coating  efficiency.  It  shows  that  a  very  high 
percentage  of  the  crystals’  surfaces  are  covered  with  a  smooth  polymer  film. 

In  those  cases  where  the  copolymers  differed  only  in  molecular  weight  the 
micrographs  revealed  that  the  lower  molecular  weight  polymers  generally  gave  higher 
coating  efficiencies  and  formed  a  thinner,  more  consistent  coating  film.  The  lower 
molecular  weight  polymers  give  lees  viscous  solutions  in  toluene  (Table  1)  which  should 
flow  more  effectively  across  and  more  completely  coat  the  RDX  crystal  surfaces. 
These  effects  are  illustrated  in  micrographs  of  Levapren  452  (F)  and  Levapren  450 
(G).  The  former  polymer  is  lower  in  molecular  weight  and  gav*  a  high  coating 
efficiency.  In  contrast  micrographs  of  Levaprs"  (5 *V  i  Trsjded  inferior  coatings  and 
some  (e.g.  Micrograph  G)  showed  raised  areas  oi  v,h*eh  indicated  poor  flow  of 

the  more  viscous  solution  during  coating.  The  •'•vetin? ;  obtained  using  Elvax  40--W  did 
not  conform  to  this  general  trend.  Tbis  copoJ.,  o<“l  nas  a  low  molecular  weight  but 
gave  a  significantly  worse  coating  than  other  copolymers  with  the  same  vinyl  acetate 
content. 


4.1.3  Impact  SensithreBeM 

Rotter  impact  sensitiveness  data  for  the  RDX/EVA  (95:5)  compositions  prepared  by 
the  general  coating  method  are  shown  in  Table  4,  together  with  data  for  RDX /Vi  ton  A 
(95:6). 


The  results  show  that  the  most  sensitive  moulding  granules  were  obtained 
when  the  fluorocarbon  polymer,  Viton  A,  was  used.  This  confirms  the  poor 
desensitization  which  fluorocarbon  polymers  may  afford  (14, 171.  Of  the  RDX/EVA 
compositions,  cnly  Elvax  210  gave  appreciable  desensitization;  all  other  EVAs  gave 
compositions  of  similar  sensitiveness  to  the  uncoated  RDX  Grade  A  (F  of  I  =  80).  The 
Elvax  210  composition  is  the  only  material  which  meets  current  impact  sensitiveness 
requirements  for  booster  explosives,  i.e.  F  cf  I  not  less  than  that  of  tetryi  (90)  [171. 

Both  the  fracture  and  thermal  properties  of  polymer  additives  determine 
their  sensitizing  effect  on  explosives  (7,  8!.  Some  polymers  that  sensitize  do  so 
because  they  fail  catastrophically  either  by  fracture  or  localized  adiabatic  shear. 

This  concentrates  impact  energies  in  the  polymer  and  can  generate  hot  spot 
temperatures  well  in  excess  of  the  polymer’s  soft*<r..'ng  point  (7,  441.  In  cases  vrhan'- 
the  polymer  deforms  in  bulk  under  impact,  withou';  localized  concentration  of  energy, 
the  material  irmy  reach  high  temperatures  by  viscous  heating  from  bulk  plastic  flow  at 
high  strain*  tf,  45,  481.  The  temperature  attained  will  be  determined  by  the  thermal 
properties  of  the  polymer  including  its  latent  heat  of  fusion,  spocific  heat  and  thermal 
conductivity  which  all  determine  the  extent  of  thermal  losses  (8,  46,  471.  The 
specific  heats  and  thermal  conductivities  of  polymers  are  generally  low  (81  and  so  the 
latent  heat  of  fusion  will  often  determine  the  final  bulk  temperature  attained.  The 
latent  heat  of  fusion  of  a  polymer  depends  on  the  degree  of  crystallinity  arid  it 
consequently  high  for  high  density  polyethylene  (83%  crystalline,  and  latent  heat  of 
fusion  of  115  J  g_1  (481).  This  polymer  deforms  by  plastic  flow  but  has  been  shown  to 
only  reach  a  low  bulk  tempetature.  It  has  been  suggested  that  the  temperature  rise  is 
low  because  of  the  large  energy  loss  during  the  phase  change  1461.  'Ibis  loss  should 
relieve  the  energy  build  up  in  the  sample  and  may  explain  the  polymer’s  desensitizing 
effect  on  explosives  (7,  481. 


Copolymer*  of  ethylene  with  vinyl  acetate  become  increasingly  soft  and 
extensible  as  the  vinyl  acetate  content  increases  to  50%.  If  these  copolymers  behave 
like  polyethylene  and  deform  under  impact,  the  bulk  temperature  rise  in  the  polymer 
may  be  controlled  by  tho  heat  of  fusion  associated  with  melting  residual  crystalline 
polyethylene  domains.  Hie  crystallinity  of  the  copolymers  decreases  as  the  vinyl 
acetate  content  increases,  and  they  become  amorphous  at  43%  vinyl  acetate. 
Therefore  moderation  of  Che  temperature  rise  in  the  polymer  by  energy  losses 
associated  with  melting  of  the  residual  crystalline  domains  will  be  greater  for  the 
copolymers  with  lower  vinyl  acetate  contents,  and  they  would  be  expected  to  give 
more  desensitization  than  those  with  high  vinyl  acetate  contents,  where  higher 
temperatures  may  be  attained. 

Conversely,  as  the  vinyl  acetate  content  increases,  the  quality  of  the 
coating  of  the  copolymer  improves  (section  4.1.2).  This  enhanced  coating  efficiency 
should  lead  to  greater  desensitization  (43]  by  the  high  vinyl  acetate  content 
copolymers,  and  the  poor  quality  coatings  given  by  the  low  vinyl  acetate  copolymers 
may  lead  to  sensitization  by  air  entrapment  between  the  poorly  adhering  polymer  film 
and  the  explosive  crystal  (141. 

These  two  mechanisms  -  dependent  on  coating  quality  and  copolymer 
crystallinity  -  act  in  opposing  fashion  in  their  effect  on  impact  sensitiveness  as  the 
vinyl  acetate  content  varies.  Further  work  on  this  subject  is  presently  being 
undertaken  at  this  laboratory. 


4.1.4  Shock  Sensitivity  GSSGT) 

The  RDX/EVA  (95:6)  compositions  prepared  from  copolymers  with  vinyl  acetate 
contents  in  the  range  23-51%  by  the  general  coating  method  were  pressed  to 
approximately  90  %TMD  and  their  shock  sensitivities  were  determined  using  the  MRL 
small  scale  gap  teat  (SSGT)  139).  The  results  obtained  are  shown  in  Table  5,  and  are 
compared  with  values  obtained  for  PBXW-7,  granular  tetryl  and  a  sieve  cut  of  RDX, 
Grade  A. 


All  the  RPX/BVA  compositions  are  more  shock  sensitive  than  PBXW-7  and 
less  shock  sensitive  than  tetryl  and  RDX,  The  value#  obtained  span  quite  a  wide 
range  of  shock,  sensitivities  end  the  type  of  EVA  copolymer  used  has  a  strong  influence 
on  the  shock  sensitivity  of  the  pressed  composition.  In  this  case  the  thermal 
properties  of  the  copolymers  will  not  bo  important  in  determining  the  sensitivities 
because  the  tine  ftocstrairiie  of  thermal  transfer  processes  are  long  compared  with  the 
explosive  reaction  times  in  this  te»t 

The  primary  sources  of  hot  spots  in  compositions  of  this  type  are  the  shock 
impedance  mismatch  between  the  explosive  and  the  binder,  and  the  nature  of  the  voids 
in  the  final  composition  (621.  The  shock  impedance  of  the  EVA  binders  should  vary 
with  their  densities  (Table  2)  and  will  therefore  be  similar  for  all  binder®.  If  the 
shock  impedance  mismatch  was  an  important  factor  then  compositions  containing 
copolymer*  with  a  higher  density,  S.o.  vinyl  acetate.eORtenfc,  should  be  slightly  more 
shock  sensitive.  The  results  show  that  this  is  generally  not  the  case. 

All  compositions  tested  had  the  jw me  total  voidage  (10%);  hovsver,  the 
size  distribution  and  number  of  these  voids  should  vary  for  the  composition*  ea.d  will 
be  determined  by  the  relative  degree  of  flow  of  the  binder?  during  .the  preying 


operation.  Binders  with  a  higher  degree  of  plasticity  will  flow  well  and  many  of  the 
smaller  void*  will  coalesce  resulting  in  fewer  voids  and  a  greater  average  volume  of 
each  void.  The  larger  voids  are  less  effective  at  producing  chemical  reactions  than 
the  smaller  voids  [521  because  the  shock  wave  skirts  the  larger  discontinuities  while 
the  smaller  voids  are  carried  along  with  it  and  interact  with  it  more  effectively  1531. 
Therefore  ths  more  plastic  binders  should  give  leas  shock  sensitive  compositions. 
Plasticity  should  be  greater  for  soft  binders  with  low  elastic  moduli  and  copolymers 
with  higher  vinyl  acetate  contents  and  lower  molecular  weights  have  these 
properties.  These  soft,  low  modulus  binders  also  decrease  the  shock  sensitivity  by 
making  the  final  composition  less  stiff  and  susceptible  to  cracking  164)  and  less  likely 
to  induce  reaction  growth  [561.  These  factors  may  be  important  in  determining  shock 
sensitivities  using  the  MRL  small  scale  gap  test  because  in  this  test  the  acceptor  is 
unconfined  and  rapid  quenching  of  ignition  by  the  rarefaction  waves  in  this  test 
configuration  means  that  these  results  have  a  greater  reliance  on  build  up  than  is  usual 
in  most  gap  tests  [56!. 

Another  important  factor  ir  determining  the  shock  sensitivities  of  the 
compositions  will  be  the  relative  coating  efficiencies  of  the  different  copolymers  on 
the  RDX  crystals.  Eadie  F571  has  quantitatively  determined  the  coating  efficiencies 
in  various  RDX/wax  compositions  and  shown  that  moulding  powders  with  higher 
coating  efficiencies  give  pressed  compositions  which  are  less  shock  sensitive.  The 
coating  efficiencies  in  the  RDX /EVA  compositions  increase  with  the  vinyl  acetate 
content  of  the  copolymer  and  generally  appear  to  be  higher  for  copolymers  of  a  given 
vinyl  acetate  level  which  are  lower  in  molecular  weight  (Section  4.1.2).  Furthermore 
copolymers  with  higher  vinyl  acetate  contents  would  be  expected  to  adhere  better  to 
the  RDX  crystals  and  these  coating  films  should  undergo  less  disruption  during 
pressing.  Thus  the  combined  effects  of  binder  plasticity,  coating  efficiency  and 
polymer  adhesion  should  all  lead  to  a  similar  ordering  of  the  shock  sensitivities  of 
these  compositions.  The  results  in  Table  5  generally  reflect  this  ordering.  Thus  for 
copolymers  from  the  same  supplier  that  vary  only  in  molecular  weight  (i.e.  Levapren 
400  and  408  or  Levapren  450  and  452)  the  copolymer  with  the  lower  molecular  weight 
gives  the  leas  shock  sensitive  composition.  Copolymers  which  are  higher  in  vinyl 
acetate  content  generally  give  compositions  which  are  less  shock  sensitive. 

The  high  shock  sensitivity  of  the  composition  prepared  from  Elvax  40- W  is 
not  consistent  with  the  general  trends  in  these  result*.  The  coating  efficiency  of  this 
copolymer  appears  to  be  inferior  to  that  of  other  copolymers  with  the  same  vinyl 
acetate  content.  This  may  fee  the  major  factor  contributing  to  the  comparatively 
high  shock  sensitivity  of  this  composition. 


4.1.5  Vacuum  Thermal  Stability 

Vacuum  thermal  stability  was  determined  on  5  g  samples  of  the  various  RDX/EVA 
(88:6)  compositions  prepared  by  the  general  coating  method.  The  results  for  these 
tests  conducted  at  120’C  are  shown  in  Table  6.  The  usual  pass/fail  criterion  for 
compatibility  with  RDX  in  this  test  is  that  the  gas  evolution  should  not  exceed  5  mL 
after  40  h  at  120 ’C  [58J.  Clearly  all  compositions  have  extremely  low  evolved  gas 
volumes  indicating  excellent  compatibility  of  these  binders  with  RDX. 


4:2  A  Parametric  8tudy  of  the  Starry  Coating  Technique 


The  general  coating  method  devised  in  this  study  involved  the  use  of  severe  agitation 
and.  the  addition  of  a  protective  colloid  (Mowiol  4-88)  to  limit  the  size  of  the  explosive 
moulding  granules  and  thus  give  compositions  suitable  for  pressing.  However,  this 
method  resulted  in  only  partial  coating  of  the  different  copolymers  on  the  RDX 
crystals  (Section  4.1.2).  Improved  con  ting  efficiency  was  desirable  because  it  leads  to 
a  decrease  in  impact  sensitiveness  and  a  moderationin  cookoff  response  of  booster 
compositions  181.  Therefore,  in  an  effort  to  optimise  coating  efficiency,  a  parametric 
study  of  the  slurry  technique  was  undertaken. 


The  majority  of  these  experiments  involved  the  preparation  of  one 
composition  (RDX/Levapren  408  95:5)  on  a  small  scale  using  variations  on  the  general 
coating  method.  The  effect  of  these  changes  on  the  type  of  moulding  granules 
produced  and  their  impact  sensitiveness  is  shown  in  Table  7.  The  impact  sensitiveness 
data  for  the  RDX/Levapren  408  composition  prepared  on  a  small  scale  (Entry  1)  and  a 
large  scale  (see  Table  4)  show  that  the  former  composition  is  less  sensitive  to 
impact.  Scaling  experiments  with  other  compositions  gave  similar  results  and  this 
suggests  that  differences  in  the  degree  of  agitation  between  the  batch  sizes  loads  to 
variations  in  coating  efficiencies.  Varying  other  parameters  generally  produced  only 
minor  cltanges  in  impact  sensitiveness;  however,  close  examination  of  the  various 
compositions  using  scanning  electron  microscopy  has  indicated  that  these  variations 
cause  clear  differences  in  the  nature  of  the  coatings. 


4.2.1  Ratio  of  Water :  Toluene :  RDX 

Increasing  the  ratio  of  water  to  RDX  from  3:1  to  5:1  gives  a  composition  which  is 
slightly  less  sensitive  to  impact  (Table  7,  Entry  2)  and  has  a  greater  distribution  of 
granule  sizes.  The  micrographs.of  these  compositions  (Figure  4)  show  that  the 
polymer  film  at  the  exterior  of  .the  granules  prepared  by  the  general  method  is 
textured  and  appears  to  be  disrupted  (Micrograph  A).  In  comparison  the  composition 
prepared  using  more  water  gives  a.smcother,  more  uniform  exterior  coating  on  the 
granules  (Micrograph  B).  With  this  relatively  soft,  low  molecular  weight  polymer 
(Table  1)  superior  coatings  are  achieved  by  the  reduction  in  agitation  and  decreased 
frequency  of  granule  collisions  which  occur  when  more  dilute  slurries  are  used. 

In  one  experiment  the  volume  of  toluene  used  in  the  coating  technique  was 
aut .  ; :  V,  r.creascd  but  this  change  did  not  affect  the  impact  sensitiveness  of  the 
product  (Table  7,  Entry  3). 


4.2.2  Polyvinyl  Alcohol  Additive 

Increasing  the  level  of  the  polyvinyl  alcohol  (Mowiol  4-88)  in  the  coating  mixture  to 
0.1%  w/w  cn  the  RDX  gave  a  composition  that  wsfi  tacky  and  had  poo r  flow 
properties.  In  this  case  the  polymer  coating  on  the  crystals  was  loss  uniform  with 
regions  of  uncoated  RDX  clearly  visible.  This  apparent  decrease  in  coating  efficiency 
wo*  accompanied  by  a  small  increase  in  sensitiveness  of  the  composition 

(Table  7,  Entry  4).  These  observations  support  the  conclusion  thnt  high 
concentrations  of  this  protective  colloid  prevent  droplet#  of  polymer  solution  from 
coalescing  on  the  crystal  surface  and  recult  in  decreased  coating  efficiency  1141. 


4.2.3  Surfactant  Additives  , 


A  previous  study  of  additives  in  the  slurry  coating. technique  noted  that  isopropanol 
acted  like  a  surfactant  and  resulted  in  a  aubefantlal  enhancement  of  the  polymer 
coating'efficiency  (341.  When  the  general  method  was  modified  to  include  this 
additional  solvent  a  more  stable  emulsion  was  formed  during  processing;  however,  the 
product  had  inferior  flow  properties  and  was  slightly  more  sensitive  to  impact 
(Table  7,  Entry  5).  Similarly,  nonionic  and  cationic  surfactant  additives  did  not  give 
compositions  which  were  less  sensitive  to  impact.  However,  all  surfactants  resulted 
in  smoother,  lese  disrupted  polymer  coatings  and  higher  levels  of  an  anionic  surfactant 
gave  a  composition  that  was  significantly  less  sensitive  to  impact  (F  of  I « 100).  In 
this  case  the  crystals  were  well  coated  with  a  smooth,  improved  but  incomplete  film 
of  the  polymer  coating  (Figure  4,  Micrograph  C).  Unfortunately  these  granules  had 
poor  flow  properties  and  it  was  necessary  to  incorporate  a  second  coating  of  zinc 
stearate  to  give  a  composition  (RDX/Levapren  408/zinc  stearate  94:4:2,  Section  3.2.5) 
with  enhanced  coating  efficiency  for  cookoff  studies. 


The  influence  of  the  anionic  surfactant  (at  0.4%  on  RDX)  on  the  coating 
efficiency  obtained  using  Elvax  210  (28%  vinyl  acetate)  was  briefly  investigated.  This 
additive  caused  a  substantial  reduction  in  the  coating  efficiency  of  this  copolymer  and 
the  solution  of  the  polymer  failed  to  wet  the  crystal  surface,  causing  the  polymer  to 
be  deposited  in  droplets  and  leaving  very  large  areas  of  exposed  RDX  crystal 
(Figure  4,  Micrograph  D).  Without  the  anionic  surfactant  film  formation  occurred  and 
the  coating  was  superior  (Figure  3,  Micrograph  D).  Impact  sensitiveness  data  for  the 
compositions  prepared  with  and  without  the  surfactant  (Fs  of  I  of  95  and  130 
respectively),  show  that  the  former  composition,  with  the  inferior  coating,  is  more 
sensitive  to  impact.  Hie  cookoff  behaviour  of  charges  pressed  from  both 
compositions  is  compared  in  Section  4.3. 


4.2.4  Starved ^  Addition 

The  slow  addition  of  a  dilute  polymer  solution  to  a  heated  aqueous  slurry  of  RDX 
attempted  in  this  study  approximated  the  starved  addition  technique  (Section  1.3)  and 
was  expected  to  result  in  enhanced  coating  efficiency.  When  these  conditions  were 
employed  the  quality  of  the  coating  and  the  impact  sensitiveness  of  the  composition 
were  not  significantly  improved  (Table  7, .'Entry  6). 


4.2.5  Other  Methods 

An  alternative  confidential  method  was  used  to  prepare  the  RDX/Levapren  500  (95:5) 
composition.  This  product  was  less  sensitive  to  inspect  (F  of  I  =  85)  than  the 
RDX/Lovspren  500  <95:55  composition  prepared  by  the  general  method  (F  of  I  •  70) 
(see  Table  4).  The  coating  efficiency  was  also  superior. 


4.3  Effect  of  DU f sawn t  EVA  Copolymers  on  the  Cookoff  Behaviour  of  « 

the  FresMd  Changes 

The  results  of  SSCB  tests  on  the  RDX/EVA  compositions  at  tho  fast  heating  rate  are 
shown  in  Table  S.  Also  included  arc  results  for  tetryl,  RDX/Viton  A  95/5,  and 
FBXW-7  Type  H  for  comparison.  Since  the  violence  of  cookoff  reactions  increases 
with  decrease  in  heating  rate  (42],.ouly  those  RDX, 'EVA  compositions  which  gave  mild 
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responses  at  the  fast  heating  rate  were  subsequently  tested  at  the  slow  heating  rate. 
The  results  for  slow  heating  rate  tests  are  shown  in  Table  9,  again  with  results  for 
RDX/Viton  A  95/5  and  PBXW-7  Type  H  for  comparison.  Slow  heating  rate  SSCB 
results  for  tetryl  are  not  given,  since  the  test  results  are  affected  by  considerable  loss 
of  molten  sample  prior  to  reaction  [42]. 

The  duplicate  tests  on  all  the  RDX/EVA  compositions  at  the  fast  heating 
rate  showed  excellent  agree  meet  in  the  type  of  reaction  observed  for  each 
composition,  although  there  was  often  wide  variation  in  the  temperature  at  which 
reaction  occurred,  together  with  corresponding  variation  in  time  to  reaction.  Mild 
reactions  were  obtained  only  with  Elvax  210  and  Levapren  500;  all  other  copolymers 
gave  detonations  or  violent  explosions.  Typical  SSCB  responses  ars  illustrated  in 
Figure  5. 

The  results  show  no  correlation  between  the  vinyl  acetate  content  of  the 
copolymer  and  the  type  of  cookoff  response  observed.  Mild  cookoff  responses  were 
obtained  only  with  compositions  containing  Elvax  210  (28%  vinyl  acetate)  and 
Levapren  500  (50%  vinyl  acetate).  Elvax  210  was  the  only  EVA  copolymer  which 
produced  a  substantial  reduction  in  impact  sensitiveness  of  the  RDX/EVA 
composition;  the  growth  to  explosion  from  hot  spots  in  an  impact  test  or  from  the 
external  heat  source  in  a  cookoff  test  wilt  involve  similar  physical  processes,  and  a 
material  which  affords  deserialisation  to  impact  initiation  could  be  expected  to  act 
similarly  and  reduce  the  violence  of  a  cookoff  reaction. 

The  coating  efficiency  has  seme  effect  on  the  cookoff  response,  brat  it  is 
not  the  only  factor  affecting  it.  Of  the  two  compositions  which  gave  mild  responses, 
the  Levapren  500  had  a  good  quality  coating,  whereas  that  of  the  Elvax  210  wes  only 
fair  (see  section  4,1.2).  The  copolymers  which  gave  poor  coatings  all  gave  violent 
responses,  but  some  copolymers  which  gave  good  coatings  also  gave  violent  responses, 
e.g.  Levapren  452.  The  composition  prepared  with  Elvax  210  using  an  anionic 
surfactant,  which  markedly  reduced  the  coating  efficiency  (see  section  4.2.3),  gave  a 
more  violent  cookoff  response. 

The  overall  indication  is  that  materials  which  can  reduce  the  violence  of 
cookoff  reactions  show  greater  reduction  at  higher  coating  efficiency,  and  in  this 
respect  confirms  the  work  of  Anderson  and  Pakulak  161  which  correlates  mild  cookoff 
reactions  with  complete  adherent  coatlngB.  Similarly,  when  Elvax  210  was  coated  on 
Grade  E  RDX,  which  has  a  higher  specific  surface  area  (smaller  particle  sise)  than  the 
Grade  A  RDX  and  could  therefore  be  expected  to  load  to  less  complete  coverage  of 
the  crystal  surfaces,  the  cookoff  response  was  again  more  violent.  With  Levapren 
5G0,  the  improvement  in  coating  efficiency  given  by  the  alternative  method  of 
preparation  (which  resulted  in  improved  impact  sensitiveness  (see  section  4.2.6))  did 
not  further  reduce  the  violence  of  the  cookoff  response  from  that  of  the  material  with 
a  good  quality  coating  produced  by  the  general  method  (section  4.1.2).  Similarly,  the 
improved  coating  efficiency  given  when  an  anionic  surfactant  was  used  with  Levapren 
408  (section  4.2.3)  did  not  bring  about  a  decrease  in  the  violence  of  the  cookoff 
reaction;  detonation  was  also  observed  for  this  material.  This  behaviour  is  contrary 
to  expectations  bessd  on  Anderson  and  Paku  Ink's  work  [61,  and  indicates  that  coating 
efficiency  is  not  the  sole  factor  affecting  cookoff  response. 

There  is  no  correlation  between  cookoff  response  and  explosive 
temperature  or  time  to  reaction.  Although  the  variation  between  duplicates  is 
considerable  and  may  overshadow  any  such  trend,  mild  responses  were  obtained  at  the 


extremes  of  the  temperature  and  time  ranges.  This  is  shown  in  Figure  6,  where  the 
cookoff  time  and  temperature  arc  plotted  for  mild  and  violent  reactions. 

With  the  exception  of  Blvex  210  and  Levapren  600,  the  EVA  copolymers 
examined  produce  no  decrease  in  the  violence  of  the  cookoff  reaction  at  the  fast 
heating  rate  compared  to  letryl,  the  current  booster  explosive.  The  fluorocarbon 
binder  Viton  A  also  gives  no  decrease  in  the  violence  of  the  cookoff  reaction.  Elvax 
210  and  Levapren  500  give  compositions  whose  fast  cookoff  reactions  are  similar  to 
those  of  the  insensitive  US  booster  composition  PBXW-7  Type  H. 

At  the  slow  beating  rate  all  compositions  except  PBXW-7  Type  H  gave 
violent  reactions.  One  test  with  the  Levapren  600  (with  the  superior  coating  given  by 
the  alternative  coating  method)  gave  only  a  mild  explosion,  however  a  duplicate  test 
produced  a  detonation. 

It  should  be  noted  that  the  mild  cookoff  responses  obtained  for  PBXW-7 
Type  H  samples  in  this  study  should  not  be  taken  as  an  indication  that  this  composition 
will  be  a  satisfactory  cookoff-resistant  booster  composition.  Other  results  using  the 
same  nominal  composition  (RDX (TATB/Viion  A  36:60:5)  have  shown  violent  responses 
at  both  fast  and  alow  heating  rates  {41,  42). 

The  high  explosiveness  of  RDX  generally  leads  to  violent  cookoff  response 
in  compositions  containing  relatively  low  levels  (up.to  6%)  of  binder/desensltixer  (6, 
11,  41,  42,  591,  and  the  results  of  this  study  confirm  this.  The  current  US  and  UK 
approach  to  developing  insensitive  booster  compositions  is  to  incorporate  a  second 
insensitive  explosive  (TAT8)  in  the  formulation  to  modify  the  cookoff  response. 
Another  possible  approach  may  be  to  incorporate  a  small  amount  of  a  less  heat- 
resistant  explosive  (e.g.  PETN)  in’ order  to  obtain  a  mild  reaction  which  will  cause 
charge  disruption  and  release  of  confinement  before  the  violent  RDX  cookoff 
reaction.  The  EVA  copolymers  which  have  afforded  a  measure  of  cookoff  resistance 
to  RDX  alone  (i.e.  Elvax  210  and  levapren  6C0)  should  be  considered  as  binders  for 
further  development  cf  insensitive  booster  compositions  utilizing  either  of  these 
approaches. 


5.  CONCLUSIONS 


A  series  of  RBX/EVA  (96:5)  compositions  ha*  been  prepared  by  a  solvent-slurry 
coating  process  using  ethylehe-vinyl  acetate  copolymers  having  vinyl  acetate  contents 
ranging  from  12  to  51%.  The  efficiency  of  the  copolymers  to  coat  the  RDX  crystals 
increases  as  the  vinyl  acetate  content  increases,  a**d  decreases  as  the  molecular 
weight  increases.  Coating  efficiencies  are  not  very  sensitive  to  most  changes  ir 
experimental  conditions;  however,  an  an’onlc  surfactant  was  found  to  have  a 
pronounced  effect  on  two  of  the  copolymers,  in  one  case  giving  a  marked  improvement 
in  coating  quality  and  in  the  other  a  substantial  reduction.  All  the  RDX/EVA 
compositions  were  found  to  have  excellent  vacuum  thermal  stability. 

Only  one  of  tbs  EVA  copolymers  CElvax  21G>  was  found  to  produce  a 
composition  which  was  sufficiently  desensitized  to  impact  to  qualify  for  u*e  as  a 


booster  explosive.  TV  other  EVAs  gave  little  or  no  desensitication  of  the  RDX  to 
impact.  The  effects  c.  both  coating  efficiencies  and  copolymer  properties, 
particularly  crystallinity,  are  believed  to  be  important  in  determining  tho  impact 
sensitiveness.  Further  investigation  of  the  impact  sensitiveness  of  these  RDX/EVA 
compositions  should  be  undertaken  tc  establish  the  relative  importance  of  these 
SpfosfwT  ***  40  fMrthW  *luci<iat*  *he  mechanisms  of  impact  initiation  of  coated 

The  shock  sensitivity  of  pressed  pellets  of  compositions  containing 
copolymers  ranging  from  28  to  51%  vinyl  acetate  was  found  to  generally  decrease  as 
the  vinyi  acetate  content  increased;  factors  determining  this  trend  probablv  include 
binder  plasticity,  coating  efficiency  and  adhesion.  All  the  compositions  had  shock 

(th*  current  booster  explosive  in  widespread  use) 
and  PBXW-7  (an  insensitive  US  booster  formulation).  V 

..  e™*0"  behaviour  of  the  RDX/EVA  compositions  was  assessed  usinz 

the  SSCB  test.  Only  two  of  the  EVA  copolymers  (Elvax  210  and  Levapren  500)  rave 
compositions  showing  mild  cookoff  responses  at  a  fast  heating  rate;  however  these 
compositions  gave  violent  responses  (detonations)  at  slow  healing  rates  Ho  ’ 
correlation  of  the  type  of  cookoff  response  with  vinyl  acetate  content  wa*  oh«.rv<vi 

important  for  copolymers  whichdo 

aecrease  toe  violence  of  the  cookoff  response,  is  not  solely  sufficient  tn 

i^ationsWDhei^r1*1*'  fUrther  ,tud5“ ahoukl *» undertaken  \o  establish  the 
SJoff  P°Iymer  Proper  ***  coating  efficiencies  in  their  effect  on 

fl*VE  *,1own  promise  in  desensitizing  RDX  to  impact  and  cookoff  These  materials 
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Ttable  2  Percentage  of  HDX/EVA  (06:5)  Granule*  Retained  on  a  2.3(5  mm  Pore  Size 
Sieve 


EVA  Copolymer 

Percentage  retained  a 

Elvax  210 

7 

El  vex  40- W 

12 

Levapren  408 

5 

Vynathene  EY  902-85 

33 

Levapren  450 

10 

Levapren  452 

4 

Levapren  BOO 

5 

Vynathene  EY  905-00 

13 

Compositions  prepared  by  the  general  method  (Section  3.2.2) 
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liable  8  Condition  of  RDX/EVA  (95:5)  Pressed  Pellet*  after  Ambient  Storage  for 
approximately  <5  months 


EVA  Copolymer 

Diameter 
(mm)  a 

Condition 

Elvax  660 

16.04 

Smooth;  shiny  sides 

Elvax  410 

16.12 

Smooth  sides;  slightly  rough  ends; 
powdering  at  edges 

Elvax  350 

>  16.1  b 

Elvax  210 

16.94  c 

Smooth  sides;  slightly  rough  ends 

16.04 

Slight  roughening  of  all  surfaces 

Elvax  210AS 

16.04 

Slightly  rough  ends;  powdering  at  edges 

Elvax  210/ 

Grade  E  RDX 

15.89  0 

Smooth;  shiny 

Elvax  40-W 

15.99 

Smooth 

Levapren  400 

16.12 

Smooth  sides;  rough  ends 

Levaprcn  408 

15.97 

Smooth 

Vynathene 

BY  902-38 

16.00 

Smooth 

Levapren  460 

16.05 

Smooth 

Levapren  452 

15.93- 

Smooth;  slightly  tacky;  slight  chipping  at  edges 

Levapren  500 

15.95 

Smooth 

Vynathene 

EY  905-00 

16.01 

Smooth 

RDX/Viton  A 

18.90 

Smooth;  shiny 

PBXW-7  Type  n 

15.89 

Smooth;  shiny 

a  Pellets  were  produced  using  a  mould  25.875  mm  diameter.  Measurements  are  mean 
from  4  pellets,  each  measured  at  6  positions. 

b  Not  measured  -  r.o  pellets  remaining;  estimated  from  interference  fit  in  SSCB  inner 
cylinders. 

c  Pellets  were  aged  <  1  month. 
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Table  4 


Impact  SswritivcneeB  of  HDX/EVA  mJS)  and  RDX/V'tcn  A  (95:5)  Mousing 
Granules 


EVA  Copolymer 

Vinyl  Acetate 
Content  (%) 

F  of  I 
(a) 

Gas 

Evolution  (ml) 

Elvax  650 

12 

75 

14 

Elvax  410 

18 

80 

10 

Elvax  350 

25 

75 

12 

Elvax  210 

28 

130 

15 

Elvax  40-W 

40 

85 

14 

Levapren  400 

40 

80 

16 

Levapren  408 

40 

75 

15 

Vynathene  EY  902-35 

41 

75 

15 

Levapren  450 

45 

70 

13 

Levapren  452 

45 

75 

14 

Levapren  500 

50 

70 

11 

(b) 

85 

9 

Vynathene  EY  905-00 

51 

70 

15 

Vi  ton  A 

NA 

65 

14 

fa)  Relative  to  RDX  Grade  F,  F  of  I  =  80 

(b)  Prepared  by  an  alternative  (Confidential)  method. 


Table  6  Shock  Sensitivity  CSSGD  ef  RDX/EVA  (35:5)  Compoeitioos 


EVA  Copolymer 

Shock  Sensitivity  (mm) 

a 

Relative 
Density 
%  TMD 

M60% 

Range 

L95% 

Standard 

Deviation 

Elvax  2J.0 

90.00 

2.23 

2.34  -  2.11 

0.054 

Elvax  40-W 

99.15 

2.37 

2.40  -  2.33 

0.018 

Levapren  400 

90.05 

2.11 

2.14  -  2.07 

0.016 

Levapren  408 

90.05 

1.85 

1.89  - 1.81 

0.018 

Vynathene  BY  902-35 

90.00 

1.95 

2.01  - 1.88 

0.030 

Levapren  460 

90.03 

2.13 

2.19  -  2.06 

0.029 

Levapren  452 

90.01 

1.95 

2.00  - 1.90 

0.024 

Levapren  500 

90.03 

1.75 

1.77  - 1.73 

0.009 

Levapren  SOO*5 

90.00 

1.79 

1.85  - 1.72 

0.031 

Vynathene  EY  905-00 

90.04 

1.84 

1.90  - 1.79 

0.026 

RDX,  Grade  A  (250-300  pm 

90.00 

3.360 

3.622  -  3.100 

0.12 

sieve  cut)c 

Tetryl,  granular  d 

90.0 

3.269 

3.315  -  3.203 

0.021 

PBXW-7  Type  2  d 

90.0 

1.415 

1.448  -  1.382 

0.015 

a  All  figures  are  in  mm  of  brass  shim 

b  Composition  prepared  by  an  alternative  confidential  method 
<j  Data  from  reference  49 

d  Data  from  reference  50 


i 
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Table  6 


Vacuum  Thermal  Stability  Teat  Result*  for  RDX  awl  Moulding  Granuka  from 
Various  EVA  Copolymer* 


Composition 

Average  Gas  Volume  (raL)  Evolved  for 

5  g  of  the  Composition  heated  at 

120*  C  for  40  h 

RDX  Grade  A 

0.15 

RDX/Elvax  650 

(95:5) 

0.32 

RDX/Elvax.  410 

(95:5) 

0.32 

RDX/Elvax  350 

(95:5) 

0.19 

RDX/Eivas  210 

(95:5) 

0.20 

RDX/Elvax  40-W 

(95:5) 

0.09 

RDX/Levapren  400 

(95:5) 

0a07 

RDX/Levapren  408 

(95:5) 

0.32 

RDX/Vvnatbene  EY  902-35 

(95:5) 

0.32 

RDX/Levapren  450 

(95:5) 

-0.02 

RDX/Levapren  452 

(95:5) 

0.29 

RDX/Levapren  500 

(96:5) 

0.06 

RDX/Vynathene  EY  905-00 

(95:5) 

0.11 

Table  7  Effects  of  Varying  the  General  Method  for  the  PrefMiwtkm  of  GO  gnm  Batches 

of  RDX/Lemproo  403  (96:5) 


Parameter  Varied 

Original 

Value 

Altered 

Value 

Inpact 

Sensitiveness 
(P  of  I) 

Mean  Gaa 

Volume 

(*!•) 

CoecMsnta 

1.  Mil  * 

SO 

13 

Snail,  free  flowing 
granules 

2.  Ratio  of  Water  tMX 

3ll 

5>il 

S3 

13 

wide  distribution  of 
granule  else  up  to 

5  urn  diameter 

3.  Ratio  of  TolueneiMX 

0.47«1 

III 

80  b 

12 

Snail,  free  flowing 
granules 

4.  percentage  of  Mowiol 

0.001 

O.Oi 

SO 

13 

Wide  distribution  of 

or.  EDZ  (u/w) 

0.001 

0.1  c 

75 

14 

granule  sites  up  to 

5  no  disaster 

Saall  extremely  tacky 
granules,  not  free 
flowing 

5.  Surfactant  Trpo 

(t  w/w  on  MX) 

- 

laopropenoi  (20) 

75 

>2 

Saall  granules,  poor 

flow 

" 

Monicnlc  (0.1) 

SO 

15 

Snail,  free  flowing 
granules 

* 

Cationic  (0.1) 

60  b 

10 

Snail  granules, 
poor  flow 

Anionic  (0.4) 

100 

12 

Snail,  very  tacky 
granules,  not  free 
flowing 

6.  Starved  Addition 

so 

14 

of  Polymer  Solution  d 

• 

a  Method  described  in  Section  3.3.2 
b  Results  wore  obtained  using  23  cape 
c  Ratio  of  watar  to  K it  vas  St l 

tl  Ratio  of  watar  to  M2  (3. til),  ratio  of  tolusna  to  MX  ( 19 1 1 ) ,  solvent  solution  added  ovar 
2  h  at  S7*C 
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Table  8  Cooicoff  TbbU  fflSCB)  of  KDX/5VA  Compoeitioo*,  All  testa  conducted  at  Font 

Beating  Bate 


RDX/EVA :  95/5 
-EVA  Type 

Explosive  Surface 
Temperature  <*C) 

Time 

(s) 

Cookoff  Reaction 

Elvax  650 

252 

256 

Detonation 

240 

259 

Explosion  (violent) 

Elvax  4ld 

271 

280 

Explosion  (violent) 

242 

244 

Detonation 

Elvax  350 

250 

267 

Detonation 

Elvax  2X0  (a) 

245. 

235 

Burning  (b> 

234 

236 

Deflagration  (c) 

237 

246 

Explosion  (mild) 

242 

264 

Explosion  (mild) 

Elvax  210AS  id) 

228 

250 

Detonation 

224 

235 

Explosion 

Elvax  210,  Grade  E  RDX 

247 

275 

Explosion  (mild)  (h> 

237 

244 

Detonation 

Elvau  40-W 

256 

276 

Detonation 

245 

251 

Detonation 

Levapren  400 

247 

256 

Explosion  (c) 

217 

260 

Detonation 

Levapren  408 

266 

284 

Detonation 

230 

250 

Detc  nation 

Levapren  408  AS/ZnSt  (e) 

242 

265 

Detonation 

Vynathene  EY  302-35 

243 

268 

Detonation 

240 

250 

Detonation 

Levapren  450 

271 

278 

Detonation 

235 

248 

Detonation 

Levapren  452 

235 

272 

Detonation 

242 

260 

Detonation 

Levapren  600 

274 

293 

Deflagration  (b> 

240 

255 

Deflagration  (b) 

(O 

263 

258 

Deflagration  (c) 

if) 

249 

?,S3 

Deflagration  (c) 

Vynathene  EY  905-00 

262 

285 

Detonation 

251 

267 

Detonation 

RDX/Vium  A  95/5  {42! 

260 

271 

Detonation 

PBXW-7,  Type  H  {421 

265 

266 

Bunsing 

Tetryl  {421 

257 

239 

Detonation 

268 

240 

Detonation 

Remits  from  two  batches  of  material. 

Appreciable  amount*  <>  2  g)  of  unconsumed  explosive  recovered  after  test. 

Traces  of  explosive  on  part*  after  test. 

Material  prepared  using  anionic  surfactant. 

Materiel  prepared  using  anionic  surfactant,  with  zinc  atesrato  coating  -  *ee  Section 
3.2.5. 

Material  prepared  by  alternative  confidential  method. 
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Table  9  Cookoff  Test*  OSCB)  of  RDX/EVA  Otsipoeitfooc.  Test*  conducted  nt  SJov 
Heating  Rate 


Oijly  those  RDX/EVA  compositions  plowing  mild  responses  at  the  fast  heating  rate  were 
tested  in  this  series  of  tests. 


RDX/EVA :  95/5 
-EVA  Type 

Explosive  Surface 
Temperature  <*C) 

Tine 

(8) 

Cookoff  Reaction 

Elvax  210 

217 

1623 

Detonation 

220 

1631 

Detonation 

Elvax  210,  Grade  E  RDX 

220 

1757 

Detonation 

Levapren  500 

217 

1704 

Detonation 

(a> 

217 

1592 

Explosion  (mild)  (b) 

(a) 

217 

1659 

Detonation 

RDX/Viton  A  9E/5  [421 

217 

1577 

Detonation 

PBXW-7,  Type  II  [42] 

213 

1657 

Deflagration  (b) 

(a)  Material  prepared  by  an  alternative  confidential  method. 

(b)  Traces  of  explosive  on  parts  after  test. 
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Figure  1 


Vm+K'S*ar* 

csmii}>  «C??00 


Note 


The  Super  Small-eczJc  Cookoff  Bomb  (SSCB).  Diagrammatic  ( top),  and  prior 
to  assembly  (bottom). 


(b)  RDX/Levsprtn  452.  A  typical  moulding granule  of  partly  contc-d 
RDK  crystals  bound  by  polymer. 


Scanning-  electron  micrograph#  of  fa)  uacoated  ftDX,  as  used  in  RDX/B9A 
compositions,  and  <b)  RDX/EYA  i 95:8 )  moulding  granule. 


Micrograph  A 


JtDX  Vysathene  BY $02-3$.  The  polymer  coating  on  the  crystals  is 
aeremly  disrupted. 


Micrograph  Is 


Figure  S 


KPX/Blvax  650.  Tex  lured  polymer  on  the  leading  face  sod  the 
rvrrcand  facts  uocosted. 


Scanning  electron  micKgrapha  of  RPX/EVA  ($5:5)  compositions  ornrnred  by 
the  general  s eth&h 


Micrograph  ( 


RDX/Elv ax  650.  Disruption  of  a  granule  reveals  the  polymer  was 
largely  deposited  in  polymer  strands  which  bind  the  granule  together. 


Micrograph  D 


Figure  3 
(continued) 


RDX/Elvax  210.  Large  areas  of  uncoated  crystals  are  clearly 
visible. 


Scanning  electron  micrographs  of  RDX/EVA  (95:5)  compositions  prepared  vy 
the  general  method. 


Micrograph  E 


RDX/Ltgvapren  500. 
polymer  film. 


Crystal*  surface*  are  well  coated  with  a  smooth 


Micrograph  F 


RDX/Levapren  452.  Smooth  well  coated  surfac 
lower  molecular  weight  copolymer*. 


are  obtained  with 


Figure  3 

(continued) 


Scanning  electron  micrograph*  of  RDX/EVA 
the  general  method. 


(95:5)  composition*  prepared  by 
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Micrograph  G 


RDX/Levapren  460.  Raised  areas  of  polymer  and  areas  of  bare  RDX 
crystal  are  indicative  of  poor  flow  of  the  polymer  solution  during 
coating. 


Figure  3 
(continued) 


Scanning  electror  .r .  ;ro  graphs  of  RDX/BVA  (96:S)  compositions  prepared  by 
the  general  method. 


:«r. 
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Micrograph  A  RDX/Levmprei i  408.  Disrupted  polymer  film  on  the  exterior  of 

granules  prepared  by  the  general  method. 
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Micrograph  B  RDX/Levapren  408.  Comparatively  smooth  exterior  polymer  coating 

obtained  with  a  rath  of  water  to  RDX  of  5:1. 


Figure  4  Scanning  electron  micrograph a  of  RDX/Levaprea  408  (05:5)  ami 

MDX/JShmx  310  (85:8)  compositions.  The  slurry  coating  conditions  varied 
are  indicated  in  each  case. 
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Micrograph  C 


Micrograph  D 


RDX/Levapren  408.  The  anionic  surfactant  additive  results  in  a 
smoother,  improved  but  incomplete  film  of  polymer  costing  on  the 
RDX  crystals. 


RDX/Eivax  210,  The  anionic  surfactant  additive  causes  the  polymer 
to  be  deposited  in  droplets  leaving  large  areas  of  exposed  RDX. 


Figure  4 


Scanning  electron  micrographs  of  RDX/Levaprvn  408  (96:5)  and 
RDX/Eivax  210  (95:6)  compositions.  The  slurry  coating  conditions  varied 
are  indicated  in  each  case. 


fa)  Detonation,  txvm  BBXMton  A  9616,  fast  heating  rate. 


(b)  Deflagration 


,  from  SDX/Levafxeo  MO  96/5,  tot  heating  rate. 


Figure  6 


Typical  results  of  S$CB  lost/f, 


ahovlag  (a)  detonation,  and  (h)  mild  naotio: 


4C 


Figure  6 


IWX/EVA  (95/S)  Ootnpositi-Tni.  SSCS  Testa  at  Past  Heating  Rate 
(time  -  Temperature  -  Type  d  Response 
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